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ABSTRACT
[Unclassified]

Ambient noise vertical profiles in the Ionian Sea
show temporal fluctuations in a few minutes at low,
shipping-related frequencies to a few hours at higher,
wind/sea-related frequencies. In the mean, ambient noise
levels decrease with increasing depth over the frequency
band of study: 20-300 Hz. Signal-to-noise profiles also
show a fluctuation, depending on the range from siurce
to receiver. These characteristics of deep-water ambient
noise are discussed. The results and discussion bear
directly on future sonar systems as to optional placement

of sensors throughout the water column.

PROBLEM STATUS

This is a final report of these measurements;

work on the problem is continuing.

AUTHORIZATION
NRL Problem 81S01-38
Project R2408
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‘* | 1. INTRODUCTION §
% ' (U) This report presents simultaneous measurements of ambient noise é
g by five hydrophones placed throughout the 2700 m water column in the ’

(%% Ionian Sea. During part of tke six~day period of continuous recording, a !
:? 125 Hz cw source was towed at a depth of 137 m radially in two directions "
g from the hydrophones., This socurce provides a signal from which
%A ; signal-to-noise (S/N) can be derived.

38 (C) The general trend of noise 20 Hz to 300 Hz is a decrease with '
gj increasing depth, as seen in Fig. 1-1. (A 90% confidence level, 5 to 95

I ; percentile is depicted by bars through the data points.) At 50 Hz, the
%; ambient noise profile is highly variable; at times there is little or
%7 no variation with depth, while at other times there is a local minimum

near the critical depth. The shape of the 50 Hz profile may change

e

% drastically in times as short 23 20 min. At 200 Hz, the ambient noise
A%; profile does not change so rapidly, and generally shows a continuously
;' ] decreasing level as the hydrophone depth is increased.

,% % (C) S/N profiles were derived from the available cw signal (125 Hz)

YAl

levels less the median 50-Hz noise levels during 6 and 10 hr towing
periods. The S/N profiles out to 120 nm show a spatial variabi.ity
deriving from the passage of the source through the convergucnce zones of
the five receiving hydrophones. The local maximur in S/N near the bottom
of the sound channel is due to both a relatively low ncise level and

good propagation to the hydrophone at that depth,

D R T i

(U) As the integration time is increased to reduce the statisti.al

#

uncertainty in the nolse measurement, the signal level from a towed ;

R
2

source is spatially averaged. Thus, experiments to measure S/N must '

be carefully designed to yield the desired results.

K

7

PR AT P AL

2. TEMPORAL VARIABILITY OF AMBIENT NOISE ~ROFILES i
2.1. Experimental Approach

» .

(C) Three ambient noise buoys (ANB) (Ref. 1, 2) deployed at
Station CHARLIE in IOMEDEX (Fig. 2-1) provided continuous ambient noise

1 CONFIDENTIAL
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data for eight days at hydrophone depths ranging from 135 to 2650 meters.
The critical depth was decreasing during the recording pericd f;om
about 900 to 600 m. Each buoy recorded data from two hydrophones in
a 20-600 Hz band. The three ANBs, electronically and mechanically
similar, were horizontally displaced by 2.3 nm or less from each other.
Because the buoys were deployed on successive days, they provided six
days' simultaneous measurement of ambient noise. Synchronism of data
from the buoys was achieved by observing recognizable events on each
of the three buoy tapes.

(C) Station CHARLIE is 160 nm north of the principal shipping
lane and is 50 nm southeast of most coastal traffic. Consequently,
only one or two merchant ships per day were observed to pass very near
the hydrophones. But elements of the Sixth Fleet were often nearby, so
that ambient noise uncontaminated by nearby ships was obtained only for
about 30-40% of the six-day measurement period. (See Figs. A-5 and A-9.)
A shipping survey conducted on 14 Nov 1971 verified that the data
presented herein are free of such contamination. A description of the
overall experiment and some results are contained in References 3 and 4.

(C) The data from the three ANBs were processed digitally to yileld
l-min averages of noise power in 1/3-octave bands 20-300 Hz. An averaging
time of 10 min was selected for the post-processing analysis reported
herein. The Appendix contains details of the experiment, ambient noilse
time series, spectra, and statistics, and a discussion of the processing
used for IOMEDEX data.
2.2 Ambient Noise Profiles -~ 50 Hz

(C) Three time periods were selected during which ships were not
near the recording hydrophones, as deduced from their records (Figs.
A-5 to A-9). Ten minute averages of ambient noise at 50 Hz for five
hydrophones during these periods are shown in Figs. 2-2 to 2-5., Marked
changes in the noise profile are apparent and may occur over only a few
successive profiles. Two features of the 50 Hz noise profile which

appear to persist during the times of Figs. 2-2 to 2-5 are:
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1. Level decreases slightly with increasing depth;
2. The hydrophone nearest the bottom is consistently
2 dB quieter than the hydrophone 275 m above it.
2,3 Ambient Noise Profiles - 200 Hz

(C) If 10-min averages of 200 Hz noise, each 20 min, are plotted

as in Fig. 2-6, the results show little change. However, if we plot one

10-min average profile per hour for a few hours then the changes in the
noise profile are as apparent at 200 Hz as in the case of the 50 Hz noise

(Figs. 2-2 to 2-5). The same two features of the 200 Hz noise profiles

are seen in the data in Figs. 2-7 to 2-9 as were seen at 50 Hz.

2.4 Discussion

(C) Noise at 50 Hz arises from discrete sour-es (ships) whereas
noise at 200 Hz arises from ships and from distributed sources (wind
waves). (Ref. 5) Propagation from the localized sources to a receiver

depend strongly on the relative positions of the sources in the irregular

transmission loss field of the receiver. A moving point source faithfully

transforms the field's spatial irregularity to temporal irregularity at
the hydrophone. On the other hand, the noise from a source distributed
over a large area (a storm, for example) results from a spatial average
of the source over a large part of the transmission loss field. Thus,
even though the distributed source may move as fast as a ship, its con-
tribution to the noise field is temporally smoothed by its spatial extent.
Consequently, it is expected that the 50 Hz noise profile would change
more rapidly than the 200 Hz noise profile, though absolute changes in

the latter may be equally as great.

(U) The ambient noise measured by a hydrophone at any instant
depends on the levels of the noise sources as well as their individual
locations within the transmission loss field of that hydrophone. Because
the transmission loss fielhs are different for hydrophones at different
depths (See Section 3.), the instantaneous noise levels measured at depths
differing by a few hundred meters are not correlated. This lack of

covariance cun result in rather large fluctuations in the shape of the
ambient noise profile.

5 CONFIDENTIAL

i o o Rt LIRS LN LT Sl A
ey R v FRRs gTea B v

s v ¥ T R RN TOP PR (YRR A T P i

Kol ottt A AR S A S PR i N R E R LR A d I

Y R

IS

asdadeire va be A

@ e Bl e 2 ¥

e

PP

TN S TR LT NG R PR S R get W - pao e ese s e s ML GRS G

vess

R B e




i = o3 o CREDTE NCUR Y| QAT THRTE R T T TWAAY TT TeRG  TE AR - T e
DR PR A S ot et Y e oA R T VL e, TR EELTY oy RN A ¥ Dt Lo
R A R S R R >
N 0K

R T
sy i @
i
¢
3
g
-

CONFIDENTIAL

R R R R

LARGE DIVISION= 10DB
90gB//pPa

1000 T ( * T —

1500

A ek scr Tl Qo T TEE T

DEPTH IN METERS

2000+

1SRRI

BOTTOM
3000 1 l L 1 i L L L 1 l d l ] l i l 1

IOMEDEX STA C AT 317 00002 :
10 MIN SAMPLES OF 1/3 OCT. 50 HZ NOISE EACH 20 MIN . .

(C) Fig. 2-2 — Ambient noise profiles at 50 Hz: 10-min averages each 20 min beginning at 317 0000Z

]
]

e

AP

TR A T T nsny
S R R e e e

S G

-

6 CONFIDENTIAL

O R Sl O S T R R

L g Ll T o JE
,

ST



WA Y A TRAHIY EY 0 MU awoe G Tt e ey WD 4 TR R A T e e T
R A T YR N P P T o VTR I N TR PR RTINS Lss et rag’“

CONFIDENTIAL

L S W A At s = 80

LARGE DIVISION= 1008 !
30 dB//pPa ‘ ‘
1 ' 1 ' i x I i I L { 4 1 1 ¥
500 —
79) )L [
i
00— — ]
E 1000 X X & # X ’L | ;
=z 1
— 1500 ]
T .
—
a
& 2000 _
[ [ L]
2500(— f T i
‘ BOTTOM N §
st L b b by b i
~ IOMEDEX STR C AT 317 05007
10 MIN SAMPLES OF 1/3 OCT. 50 HZ NOISE ERCH 20 MIN :
(C) Fig. 2-3 — Ambient noise profiles at 50 Hz: 10-min averages each 20 min beginning at 318 0500Z ;

7 CONFIDENTIAL

ARt

2

%

- - e
B e AP LA AL




,HE e o BNt < AN ¢ e o

S xBTS g sty

T F

CONFIDENTIAL

5

LARGE DIVISION= 1008

=an

BN sl

CONFIDENTIAL

10-min averages each 20 min beginning at 318 0700Z

BOTTON
IOMEDEX STA C AT 318 07007

|

1

10 MIN SAMPLES OF 1/3 OCT. 50 HZ NOISE ERCH 20 MIN

904B//yPa
50

1000
15001
2000

SH3I13W NI H1d30

25004 j
1

3000
(C) Fig. 2.4 — Ambient noise profiles at 50 Hz:

i

- N o g ot ot e ety s o R g g B ] g BT LS e i S b s SN Sy T
A s S L S e e S R R e o R R R B e R A e ST

-




i m@ﬁwﬁz&m?‘fé':f\*&i—W?&?z«“fwa*r.a*}wﬁ“ﬁ?" TR W, s - gy

CONFIDENTIAL

et
ik 2k ip,

LRRGE DIVISION= 1008

S04B//pPa
% T T T [ T T T T ¥ T T T T I ¥ T

500

1000 + -

1500/~

‘ " oy . Y i A DY D
MRS
-
WM

2 D Aot

DEPTH IN METERS

2500 k

BOTTON
m.l..l.t.f.l.n.n.l.

TOMEDEX STA € AT 318 17307
10 MIN SAMPLES (F 173 OCT. 50 Hz NOISE EACH 20 MIN

(C) Fig. 2.5 — Ambient noise profiles at 50 Hz: 10-min averages each 20 min beginning at 318 17302

A s e ot o o s T i e, g

PP TR A R P e pe TR B R

o PRt
s

AN it e st

T e s e v o oy,

s vt e et .y

9 CONFIDENTIAL

. .
B T e ST




NS

AR R Y

2
A

RN

5
10 &

2

M : T L T hi oSGy
3}%&&%@1\ SOEEL LR

FErR

it

I

e

K A A e T Y

CONFIDENTIAL

LARGE DIVISION= 1008
10 UEB// pPa

o
-
g

500

SN NENY!

BOTTOM

(6]

o

1000 —
¢

< P o

— 1500 s =
I

—

;]

a 2000 —

300 1 l i l 1 | 1 I i l i l [ I 1 ' i

IOMEDEX STA C AT 318 05007
10 MIN SAMPLES OF 1/3 OCT. 200 HZ NOISE EARCH 20 MIN

(C) Fig. 2-6 — Ambient noise profiles at 200 Hz: 10-min averages each 20 min beginning at 318 0500Z
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3. SIGNAL~-TO-NOISE PROFILES
3.1 Results

; (C) As discussed in Sec.. 3.2 below, the S/N profiles { S at 125 Hz
; and N at 50 Hz) are indicative of S/N at 50 Hz. In this analysis S is
the strength of a received cw signal at 125 Hz emitted froem a source
towed at 137 m along the tracks shown in Fig. 2-1. In accordaiice with
IOMEDEX data processing guidelines, S was determined by piocessing

in a 5 Hz band. Whenever the band level was less than 5 dB above the

5
g
3
&,
g
i
.
i
Y
5
é -
&
.
\;;2
:,;

£

noise level in this band (as observed on a strip chart record), the )
level readings were corrected for noise (6); when this band level was
less than 2 dB above the noise level in this band, signal levels were
not assigned.
(C) Transmission loss is readily determined from the radiated level,
190 dB//uPa, less the 5 Hz band level. In Figs. 3-1 and 3-2 are shown the

transmission loss data together with the median noise values; dashed lines

indicate the 5 and 95 parcentile levels., The noise values for comparison

e e S R C R S R R

to this signal measured by the same hydrophones were the median values of

a7
£

% % 1 min samples detected through a 1/3-octave filter centered at 50 Hz for
% H the tow periods. ""e times of observation were 10 and 6 hours for the two
é g tracks south and nnsrth of Station CHARLIE, respectively.

% : (C) To obtain the resultant profiles shown in Fig. 3-~3 the transmis-
%, sion loss curves of Fig. 3-1 and 3-2 were hand smoothed over a 5 nm range

-
prris

window centered about 10 nm range increments (1.2 hr at 8 kt). The profiles

o]

SRR

show a maximum near the bottom of the sound channel for ranges greater than
60 nm,

(C) Convergence ruus propagation, evident in Figs, 3~1 and 3-2, is
reflected in +ihe variability of the S/N profiles. This variability is
magnified by the fact that convergence zone boundaries at a given location
depend on receiver depth; i.e., propagation maxima to the hydrophones at

135 and 615 m occur for the source at slightly different ranges. This

- :,.,}».n<"-, e
P S L e 2

A S IR

i lack of covariance of both transmission loss and ambient noise measured by

hydrophones at different depths would further amplify the variation of the
"instantaneous" S/N values over those obtained by using average noise values.
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(C) Fig. 3-2 — Transmission loss south of Sation C and
1/3-octave ambient noise spectrum level at 50 Hz
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(U) Except for hydrophones near the bottom, propagation to the
south of Station CHARLIE is not dominated by acoustic paths which reach
the bottom. Propagation to the north of Station CHARLIE, on the other
hand, becomes bottom-limited at ranges of 50-60 nm, as seen in Fig. 2-1.
Thus, S/N in Fig. 3-3 could not be measured at ranges greater than 50-60 nm
in the northerly direction.
3.2 Discussion

(C) IOMEDEX propagation data were not available at 50 Hz to produce
S/N profiles with both S and N at 50 Hz. Because acoustic paths to hydro-
phones near the bottom result in a greater bottom interaction than for the
upper hydrophones and because the bottom acts like a low pass filter, one
might axpect propagation at 50 Hz to be better for the lower two hydrophones
than shown in Figs. 3-1 and 3-2, (Ref. 7) To test this notion transmission

O PN e R DV

L
R AT R P RS SRR i P S e

R

TR e AR A AR et

ORGP PSS Be

[ R

loss data are needed from sources in the sound channel for at least two
frequencies and at two hydrophone depths (one near the bottom and one in
the sound channel). The data should be derived fcrm the same experiment
and should be processed in the same manner to preclude a systematic bias
dueto source levels, integration times, etc. Accordingly, propagation
data from PARKA II (Ref. 8) - events 9-2, 9-4, and 9-5 at 50, 100, and

180 Hz - were selected for 91 m explosive sources and for hydrophones at

781 and 3292 m; the conjugate depth near FLIP for a 91 m source was 4340 m.

These data, sampled for ranges less than 200 nm, failed to show any
significant trend of the frejuency dependence of propagation with hydro-
phone depth. Thus, we conclude that the S/N profiles (both S and N at
50 Hz) would not differ significantly in shape from those in Fig. 3-3.
3.3 Precision of S/N

(U) The precision of S/N is determined by the precision of both
the transmigsion loss and ambient noise measurements. As long as both
measurements are made by the same acoustic system, errors in calibration
cannot bias S/N. Thus, we are led to consider the precision of the
measurement of a signal and noise, both of which fluctuate., Assuming

that the noise in nearly Gaussian, a one minute sample measured
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through a 1/3 ~octave filter at 50 Hz has a statistical uncertainty of
0.2 dB. (Ref. 9) (Assume 90% confidence level, 5 to 95 percentile.)

(C) Consider fluctuation of the signal from a towed cw source., If
the medium is stationary, the fluctuation of the signal observed by the
receiver is due solely to the source's transit through the receiver's
transmission loss field. This fluctuation may be manifest as frequency
modulation (because of the changing velocity of the source with respect
to the receiver or from macroscopic motion at the receiver) or as
amplitude modulation (because of the highiy irregular transmission loss
field). A tracking filter can be used to greatly reduce the frequency
modulation, if necessary. To avoid smoothing the envelope of the amplitude
modulation requires a processing filter vhose bandwidth § is at least
v/%, where v is the tow speed and £ is the minimum spatial irregularity
to be detected. Expressed in terms of the bandwidth for a given rilter,

2m1n= v/B.
In TIOMEDEX, lmin= (3 m/sec)/(1 Hz) = 3 m, so that there is no inadvertent
filter smoothing of the transmission loss data. Thus, for "instantaneous"
S/N values, the combined statistical uncertainty would be 0.2 dB.

(U) For Fig. 3-3, the signal is spatially averaged over 2 nm, whereas
the noise is time averaged over the towing periods of 10 and 6 hrs.
Processing of the signal resulted in a precision of + 1 dB. (Ref. 6)
Dashed lines representing the 5 and 95 percentile confidence limits of
noise in Figs. 3-1 and 3-2 show that noise fluctuations are the dominant
contributor to the variability in S/N. The mean of the standard deviations
of the noise values for the five hydrophones during the towing period is
1.2 dB. Since the level of the bender bar source was constant to within

0.5 dB, the uncertainty in the S/N profiles of Fig. 3-3 is 1.3 dB.

4. CONCLUSIONS

4,1 TFindings
(C) Ambient noise measured during IOMEDEX shows that noise generated

by ship traffic (50 Hz) has a depth dependence which has large short term
19 CONFIDENTIAL
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(5-20 min) variability, whereas noise heavily influenced by weather
(200 Hz) has a depth dependence whose variability is as large but over
a longer time (1-2 hr)., (Cospare Figs. 2-2, 2-6, and 2-8.)
(C) The S/N profiles have maxima near the bottom of the sound channel,
and they undergo relatively large fluctuations as the towed source is

moved through different parts of the transmission loss fields at the five
hydrophones., '

4.2 Recommendations

(C) ZFrom the vertical profiles in Sec. 2 and 3, it is evident that :
both ambient noise and S/N must be sampled more densely in the water column
than was the case in IOMEDEX in order to determine experimentally the depth
dependence of these quantities. Ray tracing during the design of such
experiments could provide estimates of vertical gradients in propagation
loss which could be of use indicating both the number of sensors required
and their distribution throughout the water column.

(C) Figure 1-1 shows the 5 to 95% cumulative probability of ambient
noise at the five depths of measurement. Even though the total time of
the statistical sample is six days, there is still seen to be a marked
reduction in the variability of 1/3-octave ambient noise levels (at 20 and
317 Hz) near the bottom of the sound channel (615 m), compared to those
at other depths. Generally, thiv alsc holds true at other frequencies
net shown here. Low variability coupled with a high noise level points
to a statistical convergence in the mean associated with a larger number
of contributing sources. As the depth is increased below the critical
depth, on the other hand, nearby sources, whose temporal density variation
is greater than for distant sources, are increasingly more important to the
noise field. The less variable nature of the ambient noise at and above
the crit®cal depth strongly suggests that it is more readily predictable
than that for other depths. The predictability aspect of ambient noise and
S/N vs. depth should be investigated for other sete of experimental data.
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Appendix A: IOMELEX Data

A.1 The Experiment

(U) The NRL IOMEDEX Summary Report (Ref. 3) contains ambient noise data
obtained by NRL during the experiment., The present report contains that
portion of the noise data best relating to ambient noise and S/N vs.

depth, together with transmission loss data obtained using the same
acoustic recording channels as were used for the ambient noise data
acquisition., This Appendix contains ambient noise spectra and supporting
information used in analysis for this report.

(U) TFour ANBs and two current meter arrays were deployed at two locations
(ALFA and CHARLIE, Fig. 2-1) for IOMEDEX. Seven hydrophones yielded good
data for their time on station, and one hyérophone yielded only three
hours of data because of failure of an uperaticnal ampliffer in the buoy
(the upper hydrophone of ANB A at Station ALFA).

(C) The positions of the sensors, both in depth and relative to each other,
for Staticn CHARLIE are shcown in Fig. A-1, where the numbers in parentheses
indicate the water depths at each sensor location. At Station ALFA the two
hydrophones of ANB A were 700G feet and 10240 feet, and the current meters
were located at depths of 450 feet, 2450 feet, and 7500 feet.*

(U) The ANBs used in IOMEDEX were adapted from a measurement system
developed for the VELA UNIFORM project and are discussed in Ref. 1 and 2.
The original tape recorders in these equipments were replaced by recorders
developed for the NUIMEG Project. These recorders use 1/2-inch, 1/2 mil
thick mylar tape and, at the recording speed of 0.2 inches per second (ips),
are capable of recording for 187 hours. In IOMEDEX the recordings were
continuous, Processing of the magnetic data tapes from the ANBs is

discussed below.

* In this Aprendix all depths are in feet (1 ft = 0.3048m) and all
ambient noise levels are in dB//ubar (dB//pPez=dB//ubar+100).
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(U) The original data tapes were removed from the ANBs and played back
on an instrumentation tape recorder aboard R/V KNORR at a playback speed of
64:1 to another tape recorder containing 1/2-inch, 1 mil thick tape, run
at 30 ips. These latter tapes were then played at 30 ips into a General
Radio Model 1925 Multifilter., The outputs of sixteen, 1/3-octave filters
of the Multifilter passed directly into a multiplexer and thence to an
analog~to-digital converter, Hewlett-Packard Model 5610, The single
output, in 10-bit digital form, was then fed into a Hewlett-Packard

Model 2116B digital computer where data compaction was achieved. The
data were stored as one-minute averages on digital magnetic tape. The
digitizing rate, 13,653.3 Hz, controlled by a General Radio frequency
synthesizer, permitted acquisition of 1.00 min data samples for 16 input
channels at the speed up ratio of 64:1.

(C) The objectives of Project IOMEDEX dictated the requirements for time
series of ambient noise at frequencies 20-300 Hz and frequency spectra in
this band. Such processed data are presented in this- Appendix.

A single ANB tape generated 11 dubbed tapes. During dubbing at 64:1,
the start and stop time of the original tape and starting of the data
inevitably produced a desynchronization of absolute clock time. By looking
at events whose times of occurrence are known, it is felt chat the time
assignments to the ANB IOMEDEX data are accurate to + 40 minutes
throughout the entire 7-plus days of recording time for each hydrophone.

In the time series records, Figs. A-2 and A-3, whose abscissa scale factors
is one hour per tick, the error assignments in time are + 4 minutes. In the
other time series records, notably Figs. A-4 through A-9, whose time scale
factor is 5 hours per tick, the time assignments are good to within + 20
minutes. In all the IOMEDEX data presented herein all sound pressure
levels and transmission loss values are accurate to + 1dBE.

(U) The hydrophone systems employed with the ANBs were calibrated in
accordance with standard procedures at NRL. Hydraphones were calibrated

at Underwater Sound Reference Division (USRD), Orlando, Florida, before

the exercise, and havé been recalibrated following the measurement phase of
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=
3 IOMEDEX. The electronic and magnetic tape portions of the system were s
z calibrated by injection of tones of known level and known frequency at
g ; cach center frequency of IOMEDEX analysis. These injected calibration
§' : tones were recorded on the original data tapes inside the ANBs, which
ﬁ i themselves were in the main laboratory of R/V KNORR, both before and
?

values. .

A.2 Results
(U) Time series plots of ambient noise level from Station ALFA {or ANB A

~

T e e D e S T S S R

}
are shown in Figs. A-2 to A-4. Note that Fig. A-4 has a compressed time %
scale, Time series plots for ANBs B, C, and D at Station CHARLIE are shown %
in Figs. A~-6 through A-9. The deep hydrophone from ANB C is very nearly :
at the same depth as the deep hydrophone of ANB D and consequently not been :
included. &Each plotted point is a 2 minute average of the signal output ;
from the 1/3-octave filter whose frequency is identified with each plot. %
Accompanying each time series is a histogram. Average 1/3-octave levels
taken from those histograms and reduced to a 1 Hz bandwidth are shown in
Figs. A-10 through A-16. In each case the center dashed curve represents

: the modes from the histograms associated with each 1/3-octave filter
shown on the time-series plots. The two bracketing solid curves show the

limits of 90% of the data for that curve.

oA,

(¢) Transmission loss data at 125 Hz were presented in Figs., 3-1 and 3-2
for radial tracks south and north from Station CYARLIE (r=0). The

AR POy

3

'gg ) source was towed at 137 m by R/V NORTH SEAL. (Refer to Sec. 3) Values .

A .

& : of transmission loss were determined in the following way: from an ANB

£ H

g recording a signal was passed through a filter with effective bandwidth . ;

of 4.9 Hz and then displayed on a Sanborn recorder. The data shown in

Figs. 3-1 and 3-2 represents two-minute sight averages of the Sanborn

record every 10 min and 40 sec. Successive points are connected by ;
straight line segments. A signal-to-ncise ratio of 2 dB was used for
rejection of low level signals; levels recorded on the Sanborn recorder %

were corrected for ambient noise prior to assigning transmission loss values.
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(C) Fig. A-13 — Ambient noise spectrum, Station CHARLIE,
hydrophone depth = 2010 ft
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() Fig. A-17 shows transmission loss at two similar depths by

hydrophones located 2.3 nm apart. The ranges in Figs, 3-1 and A-17 are

measured from each buoy location. (Refer to Fig. 2-1 for their relative :
locations; the buoy locations and Station ALFA toward shich the track is %
taken are practically colinear.) A comparison of the two transmission %
loss profiles in Fig. A-17 shows a pronounced local variability of the ;
transmission loss field resulting from a combination of two principal -

factors in order of importance: spatial variation arising from the 2.3 nm f
separation; and, temporal variation arising from the transit time of <
R/V NORTH SEAL covering the 2.3 nm, roughly 18 min. The lack of bias

in these two profiles attests to the consistency of the calibration method
applied to the two ANBs.

(U) Details of other aspects of IOMEDEX may be found in the IOMEDEX
Synopsis, Ref. 4, Additional transmission loss data will be found

in the IOMEDEX data bank maintained by Tracor, Inc., and in the NRL
IOMEDEX Summary Report, Ref. 3.
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